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M)_TANK GUNNERY-MULT]PLE RETURNS
LSER'S GUIDE

This booklet deals with multiple range returns that may occur when
ranging to a target using the laser rangefinder (LRF), When you

have finished the booklet, you will be able to:

TAKE THE CORRECT ACTIONS IF A MULTIPLE RETURN SYMBOL AP-
PEARS IN THE GPS(E) OR THE RANGE ANNOUNCED BY THE GUNNER

1S CONSIDERED INCORRECT,

The booklet consists of two sections., Sectfon ! is the information
part of the booklet. It will discuss issues related to multiple

returns, These issues include:

A.e RANGE RETURNS & GPS (E) SYMBOLOGY

8.e LRF SETTINGS
C.o DEALING WITH MULTIPLE RETURNS

1




Review questions are presented after 2ach issue. You should answer
each of these quescions, then check jour answers with the Answer
Key provided. If you need additional information, you should refer
to the M1 Technic»1 Manual (TM 9-2350-255-10) or the M1 Tank Combat
Tables (FM 17-12-1). Section Il contains a number of battlefield
scenarfos, These scenarios will give you practice in dealing with
multigle returns under battlefield situations. Each scenario
contains:

e A PICTURE OF THE BATTLEFIiLD SITUATION

e A SHORT WRITTEN DESCRIPTION OF THE BATTLEFIELD
SITUATION AND THE STATUS OF YOUR TANK

@ A QUESTION FOR YOU TO ANSWER

HOW TO USE THE BATTLEFIELD SCENARIOS

1. Llook at the scenario picture.
2. Read the short written description.
3. Answer the scenario question,

o SOME QUESTIONS ARE FOLLOWED BY A LIST OF POSSIBLE
ANSWERS, FOR THESE QUESTIONS, YOU SHOULD SELECT

THE CORRECT ANSWER,

o SOME QUESTIONS DO NOT HAVE A LIST OF POSSIBLE
ANSWERS, FOR THESE QUESTIONS, YOU MUST PROVIDE

YOUR OWN ANSWER.

4, Check your answer with the Answer Key on the page following

the scenario,
S. Proceed to the next scenario.

———
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BEFURE YOU USE THIS BOOKLET

Eefore using this bookiet, be sure you can do the following:

XE

3
o OPERATE THE LRF
& PERFORM MORMAL MODE GUNNERY
J
4
:
i
|
SECTION 1 :
TIPLE RETURNS JNFORMATION !
A. BANGE RETURNS § GPS(E) SYMBOLOGY
J o SINGLE RETURN
’ The LRF can determine the range to targets located between 200 and
8000 meters with an accuracy of plus or minus 10 meters. When you
or the gunner lases to a target you are really sending out 2 beam
| of 1ight energy. Sometimes this beam will hit only the target ared
| and be reflected back to the LRF receiver, When this happens, only
; one range return will be displayed in the GPS(E).
5
|
H e
¢ = = f
. . | ‘ ‘ j




R

P e .

P et

o MULTIPLE RETURNS

At other times you will lase to a target and part of the laser beam
will hit objects in front or behind it. The LRF receiver will
sense "returns" from all objects hit, not just those that hit the
target. When this happens the range return displayed in the GPS(E)
will have a bar or 1ine above it. This tells you that more than
one return was actually sensed. This is called a multiple return.

o CAUSES OF MULTIPLE RETURNS

Laser energy can be reflected, absorbed, or scattered, depending on
amount of beam obstruction and how the objects encountered reflect
it. Included among these objects are:

e Trees/Bushes e Falling Snow
e Fog/Smoke e Heavy Rain
e Blowing sand, dirt, etc.

¢ GPS (E) SYMBOLOGY

There are four symbols that can be displayed in the GPS(E). They are:

¢ Ready-to-fire symbol
o F (malfunction) symbol
e Myltiple return symbol
e Range symbols

: LT
q:,ies-', N N T R S
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These symbols are shown in the picture below:

Multiple return symbol
Ready-to-fire -
s:mbo F (malfunction) symbol

Range symbols

® MULTIPLE RETURN SYMBOL

When the laser receives more than one return, the mitiple return
symbol is displayed in the GPS(E). As shown in the picture above,
the sultiple return symbol is a bar or line that appears above the
range numbers in the GPS(E). This symbol is called the multiple
return bar,

Remember. The multiple return bar will only appear when there is
more than one range return sensed by the LRF receiver.

. s o
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RANGE RETURNS & GPS SYMBOLOGY
QUESTIONS
1. The LRF can determine the range to targets located between:

A. 200 and 700 meters,
B. 290 snd 8090 meters,

C. 290 and 8000 meters,
D. 200 snd 8000 meters,

i 2. When the laser beam hits more than one object, the GPS(E) will
| display s:

A. Myltiple target symbol.
« Multiple retyrn symbg o,
« Multiple object symbol,
« Multiple lage symbol,

oo
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3. What objects can reflect, absorb, or scatter the laser beam?

A. Vehicles.

B. Trees.

C. Heavy fog.

D. A1l of the above.

4. How many symbols are displayed in the GPS(E)?

A. One
B. Two
C. Three
D. Four

5. What symbol is used to indicate multiple return?
A. A bar below the range display.

B. An F symbol.

o

D

. A bar above the range display.
. Bars above and below the range display.

12

6. When does the multiple return bar appear in the GPS(E)?
A. When the F symbol comes on.
. MWhen the ready-to-fire symbol appears.

B
C. When the range is displayed at the bottom of the GPS(E).
D. When the LRF receives more than one return.

0°9 3°S Q°'y 0°t 8°2 Q'L :Ssamsuy
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B. LRF SETTINGS

The laser rangefinder (LRF) can be set to one of three positions
using the laser RANGE switch. These LRF settings are:

o SAFE
e ARM LAST RTN
® ARM 1ST RTN

® SAFE
The RANGE switch should be in the SAFE position when the laser

rangefinder is nut being used. This prevents accidental firing of
the laser beam which can cause serious eye damage.

15




e ARM LAST RTN (RETURN)

When the LRF is in the ARM LAST RTN posision. you w\]l ogti120§2e
correct range to the target more than 90% of the t1medqn $. nd A
battlefield situations. In this pos1§1on, the range IS? ayg Ny
the GPSE will be the last object within the path 0* the tse:Jt if.
In other words, yuu will obtain the correct range o t?: ter?dSEF
the target is the last object hit by the laser beam, f w?der
beam "spills over" the target, either because the beamt1s o/
than the target or the beam did not hit the target cen e;_:.]; re:
you will receive an incorrect range to the target. A multip

turn symbol will also appear above the range displayed in the GPS(E).

There are several situations that require you to ussT;h$feRM LAST
RTN position, For example, you would use ARM LAST 3

e Dust or smoke is blowing across the battlefield.
® Bushes or trees are between you and the target.

16

e ARM 1ST RIN

The ARM 1ST RTN position will provide the range to the first object
within the path of the laser beam. Therefore, when there are no
objects between you and the target, set the laser RANGE switch to
ARM 1ST RTN. Consider the following situation:

You want to range to a target that is 2500 meters away.
The target is located in front of several trees. There
are no objects between you and the target.

In this situation, you know that the target is the closest object

o you. You also know That there are no objects between you and

the target to produce a multiple return, Therefore, the range
GPS(E) will be correct. What happens if part of the laser beam
“spills over" to the trees behind the target? VYES, a multiple re-
turn bar will appear over the range displayed in the GPS(E).
However, since the target is the first object within the path of the
aser beam, the range shown remains the correct range to the target.

17




There are several situations that require you to use the ARM 1ST
RTN position. For example, you would use the ARM 15T RTN if:

e There are no objects between you and the target.

o When the target is extremely small.
e When the target is at an extended range (the entire target

appears in aiming circle).

18

LRE SETTINGS
UESTIONS

1. In which of the following positions should the laser RANGE
switch be set when the LRF is not being used?

A. SAFE
B. ARM LAST RTN
C. ARM 1IST RN

2. In which of the following positions should the laser RANGE
switch be set for field situations?

A. SAFE
B. ARM LAST RTN
C. ARM 1ST RIN

19
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3. In which position should the laser RANGE switch be set when
there is dense smoke between you and the target?

A. SAFE
B. ARM LAST RTN
C. ARM 1ST RTN

4, What range will be displayed in the GPSE when lasing to a target
in the ARM 1ST RTN position?

First range sensed by the LRF receiver.
Lost range sensed by the LRF receiver.
Battle range manually indexed into fire control system.

Range display in GPSE is “blank".

OO >
. e
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C. MULTIPLE RETURN STRATEGIES

You know by now that the multiple return bar will not appear in the
GPS(E) every time you lase. When you get a good lase to the target,
a single range return, you simply continue with the gunnery engage-
ment procedures. However, what should you do if you lase and the
m'itiple return bar appears above the range displayed?

To answer this question, review the following flowchart.




1%

HE MULTIPLE
RETURN BAR c":'l‘:["“ '
PRESINT 1N

GPS(E)

s

COMPARE RANGE
DISPLAYLD/ANNOUNCLD
NITH YOUR [STIMATION :

OF TAKGET RANGL i

[

15
DISPLAYLD/ANNOUNCED
RANGL WITHIN 200 METERS
OF ESTIMATED
RANGE

COMMAND
RELASE

1S
STSPLAYED/AMNOUNCED e G :
RANGE WITHIN 200 METERS BATTLE SGT .
GF ESTIMATED :
BUTTON j

RANGE

COMMAND
FIRE

15
RANGE CHANG
NEEDED

COMMAND
FIRE

YES

MAKE
RANGE CHANGLS
USING MANUAL

ADD/DROP SWiTCH
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As you can see, the actions the tank commander (TC) must take when
dealing with multiple returns depend on how he answers the questions
in the flowchart, The following paragraph will explain the multiple
return strategy the TC must follow.

1. Check to see if the multiple return bar is displayed in the
GPSE. If you are in the fully open or protected open hatch
position, this step is omitted. The gunner will announce
the range.

2. Compare your estimate of target range with the range dis-
played in the GPSE or announced by the qunner, You must
then decide if the range displayed/announced is correct.

3. MWhen the displayed/announced range is within 200 meters of
your estimated range you know that the correct range data
has been fed into the computer. If the displayed/announced
range is much greater or much less than your estimated
range, you know that the LRF receiver has sensed a return

from something other than the target.

23
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4. If the range is correct, issue the command "FIRE." If the
range is not correct, issue the command "RELASE."

5. If the new displayed/announced range is correct, issue the
command “FIRE." 1If it is stil: not correct, depress the
MANUAL RANGE BATTLE SGT button. If necessary, use the MANUAL
RANGE ADD/DROP toggle switch to make range changes. When
satisfied that range displayed in GPSE is correct, issue
the command "FIRE."

24

D. SPECIAL CASES

e FLASHING ZEROS

Sometimes you might lase to a target and flashing "0000" appear.
This can mean one of three things:

® ALL returns are less than 200 meters away,
e The target is farther than 8000 meters away.
e There is not enough light for the LRF receiver to calculate

the range.

Whenever flasiiing zeroc are displayed or announced by the gunner,
command the gunner to RELASE.
* * * * *®

The information provided in this section does not cover everything
you need to know about the LRF., For more information, refer to
TM 9-2350-255-10 (Operators Manuai) and FM 17-12-1 (Tank Combat
Tables) for the M, 2
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PLE RET TRAT
QUESTIONS

What action must the TC take after noticing a multiple return
bar in the GPSE?

A. Compare displayed range with estimated range,

B. Command “FIRE",
C. Command “RELASE".
D. Depress MANUAL RANGE BATTLE SGT button.

How close or accurate should the displayed/announced range be
to the estimated range before issuing the command “FIRE"?

A. 100 meters
B. 200 meters
C. 300 meters
D

. 400 meters
27
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3. If the displayed range is not close (accurate) to the estimated
range, the TC should:

A. Command "FIRE",
B. Set RANGE switch to ARM 1ST RETURN.,

C. Override the gunner and fire,
D. Command "RELASE".

4, If the second range displayed/announced is still not correct,
the TC should:

A. Override the gunner; lay, lase, and fire.

Command "RELASE".
Depress MANUAL RANGE BATTLE SGT button.

Command "FIRE AND ADJUST".

8.
c
0

@'t J'¢ 8°¢ V'l :s4aamsuy
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. SECTION 11
MULTIPLE RETURN BATTLEFIELD SCENARIQS

29
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SCENARIO 1

THE SITUATION

® You are buttoned-up in a deliberate attack mode.

e Dense smoke is blowing across the battlefield.

® You detect a T-55 about 1890 meters away; he sees you.
e You announce GUNNER, SABOT, MOVING TANK.

e He lases to target center of mass.

e 2500 and multiple return bar appears in GPS(E).

What should you, the tank commander, do next?

A 8 ¢ 0
Command Command Command Command
RELASE DEGRADED, FIRE SELECT

FIRE ARM 1ST
RTN
k)
- E n.:ﬂl :“ %




SCENARIO 1 ANSWER . !

The correct answer is A: Command RELASE.

Remember. When you receive a multiple return indication in the
GPS(E) on the first lase, and the displayed range is not

within 200 meters, you must have the gunner relase to
the target,

32
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WRONG ANSWERS

8. The LRF has not failed if multiple returns are received after

lasing.
C. This would only result in a first round miss,

The TC should have had the gunner do this BEFORE the engagement

started,
|
|
¥
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SCENARIO 2

THE SITUATION

e Ml is traveling across open ground; you are in fully-up position.
® You detect a T-62 at about 1300 meters, he sees you.
® You command GUNNER, SABOT, MOVING TANK,

® There is no smoke, fog, or obstacles between you and the T-62.
® Gunner lases to target center of mass

® Range displayed in GPS(E) 1s 1690 with a multiple return bar.

What should you, the tank commander, do next?
A

A ] ¢ 0
Command Command Add range Depress MANUAL
RELASE FIRE using ADD/ RANGE BATTLE
DROP toggle SGT button
switch
35
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SCENARIO 2 ANSWER

You should have selected B: Command FIRE.

Remember. If the target is within 200 meters of your estimated

range, you should engage the target (FIRE) rather than
having the gunner relase. At this range you should ob-
tain a first round hit firing SABOT or HEAT.

36

WRONG ANSWERS

Target 1s within 200 meters of your estimated range.

Must do “D* first. Even so, time consuming and not necessary
to obtain a 1st round hit.

This would only give you efther 900 or 1200 meters; shorter
than range displayed.

7}
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THE SITUATION

e You are well concealed in a hull down position, fully open hatch.

e An APC is stopped at about 1500 meters, he does not see you.

o The area has fog drifting between you and the target.

e You command GUNMER, HEAT, APC.

o Gunner lases to the target twice,

o Both times range announced by the gunner was 400-500 meters
short of your estimate,

What should you, the tank commander, do next?

A ] ¢ 0
Command Command Depress Add range
RELASE FIRE MANUAL RANGE using ADD/

BATTLE SGT OROP switch
button
39
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SCENARIO 3 ANSWER

The correct answer is C: Depress MANUAL RANGE BATTLE SGT button.

Remember. When the range announced by the gunner is still not cor-

rect after two consecutive lasings, the tank commander
must depress the MANUAL RANGE BATTLE SGT button, This
automatically feeds a manually indexed battle range into
the fire control system for ammo selected. If necessary,
the TC may adjust/change range using the MANUAL ADD/DROP

toggle switch,

40

WRONG ANSWERS

Not according to multiple return strategy.
Would only result in a probable first round miss.

Only if “C" was performed first and if necessary, 1.e., still
more than or less than 200 meters from your estimated range.

4)
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SCENARIO 4

42

THE SITUATION

® You are well concealed and in a buttoned-up position.
o A truck at about 900 meters has been spotted.

o He has not seen you,
e You command GUNNER, COAX, MOVING TRUCK.
o Gunner lases to the truck; 500, with a multiple return bar,

appears in GPS(E).
What should you, the tank conmander, do next?

(No choices this time. Figure it out, and write your answers below
BEFORE turning the page.

43
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SCENARIO 4 ANSWER

The correct answer is: Command RELASE, since your estimate of the
range differs by more than 200 meters from
the range shown in the GPS(E).

Remember. In an engagement using the coax, the gunner must lase to
the target. If he does not, the previous range displayed
in the GPS(E) will automatically become the range part of
the fire control solution.

44
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SCENARIO §

THE SITUATION

e M1 is moving across open terrain; you are buttoned-up.

o Two T-62s are detected at about 2000 meters; they see you.

e You command GUNNER, SABOT, TWO MOVING TANKS, LEAD TANK.

e Scattered fog is present throughout the battlefield.

e Gunner lases to the target with the RANGE switch in ARM LAST RTN.

e 2010 with a multiple return bar appears in the GPS.

What should you, the tank commander, do next?

(Write down your answer, then turn the page. )

a7
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SCENARIO 5 ANSWER
v

The correct answer is: Command FIRE!
Since the range displayed (2010
meters of your estimated range
go ahead and fire.
probably the result o
by the fog.

meters) is within 200

Remember.
(2000 meters) you should

The multiple returns received were
reflected

f the laser beam being

|
i
I
t
|
i
!
|
!
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SCENARIQ 6

THE SITUATION

® You have just crossed over a ridge in fully opened hatch
position,

® You spot a bunker with binoculars at estimated range of 1300
meters,

® There are no obstacles between you and the bunker.

® Gunner lases to the target on command GUNNER, SABOT, BUNKER,
® He announces ONE SEVEN SEVEN ZERO,

t should you, the tank commander, do next? In what position is
the laser switch se

(Write down your answers, then turn the page.)

51
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SCENARIO 6 ANSWER

You should have said: Command RELASE.

@ Because the range displayed was much greater (470 meters) than

your estimated range,

the LRF probably received a return from

an object beyond the bunker. Have the gunner relay and relase

again,

® Since there are no obs
laser RANGE switch sho

and

tacles between you and the bunker, the
uld be in ARM 15T RTN.

52
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SCENARIO 7

A

THE SITUATION

® Your Ml isin a fully-opened hatch position, unprotected.
® A moving SP-122 howitzer s detected.

¢ Estimated range to the howitzer is about 3000 meters.

® No objects are present between you and the target.

® You command GUNNER, SABOT, TANK,
® Gunner announces TWO EIGHT HUNDRED.

3

do next? In what position
by h what position

what should you, the tank commander
shou!i the Jaser RANGE switch be se1.
M-

(Write down your answers, then turn the page.)

55
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SCENARIO 7 ANSWER

The correct answers are: Commnand FIRE.

e The range announced by the gunner is within 200 meters of your
estimated range. Therefore, there is no need to rerange.

and
e Because there are no objects present between you and the target,

ARM 1ST RTN can be used. Also, target is at an extended range.
If in ARM LAST RTN, "spil) over" will be quite possible,

56
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SCENARIO 8

THE SITUATION

e M1 is hull-down, you are in fully-closed hatch position,
o A moving truck is detected at about 800 meters.

o Heavy wind and dust is blowing.

e You command GUNNER, COAX, TRUCK; Gunner lases.

e Flashing "0000" appear in GPSE.

What should you, the tank commander, do next?
(Write down your answer, then turn the page.)

59
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SCENARIO 8 ANSWER

The correct answer is: Command RELASE.

The flashing "0000" means:

ALL targets are less than 200 meters away.
Target is more than 8000 meters away.
There 1s not enough 1ight for the LRF receiver to

calculate a range.

Because there {s dust blowing, the flashing "0000" was probably the
result of the laser beam being stopped by dust less than 200 meters

away. Switch to ARM LAST RTN and attempt to lase again,

Remember.

60
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SCENARIO 9

THE SITUATION

e You are moving across open ground in heavy rain buttoned-up.
e A bunker-type fortification {s seen at about 1200 meters.

® You have been detected,

e You command GUNNER, SABOT, BUNKER.

e He lases to the bunker.

e 630 with a multiple return bar appears in GPS(E).

Wh:t should you, the tank commander, do next? In what position
SRouTd the Taser range switch be set?

(Wwrite down your answers, then turn the page.)
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SCENARIO 9 ANSWER

The correct answer is: Command RELASE.

e Whenever the initial range displayed/announced is not within
200 meters of your estimated range, command RELASE,

and

e When there {s heavy rain present you should lase to the
target with the RANGE switch set in ARM LAST RTN, Heavy
rain will cause a multiple return just 1ike any other object
present between the laser beam path and the target.
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SCENARIO 10
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THE SITUATION

o Ml is moving across open terrain, you are in fully opened hatch

position.
o A missile carrying vehicle {s detected at about 2500 meters.
@ No obstacles are present betw:en you and the target.
o You command GUNNER, SABOT, ANMTITANK.
o He lases to target and announces THREE FOUR ONE ZERO.

hould you, the tank commander, do next? In what position
aser switc se
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SCENARIO 10 ANSWER

You should have said: Command RELASE.

@ Relase whenever the initial range return is not within 200
meters of your range estimation.

and

@ With no obstacles between you and the target, ARM 1ST RTN can
be used. Also, target i{s at an extended range and laser beam

may “spill over” to further objects behind it.

* * ] ® *

By now you should know the multiple returns strategy. If not, and
as a final step in this self-study booklet, review the flowchart

in Sectfon I.

This M1 Multiple Returns booklet is a
prototype training document, For

comments or questions contact:

Mr. Ronald E. Kraemer
AR! Field Unit-Ft Knox
ATIN: PERI-1K

Steele Hall

Fort Knox, KY 40121

Autovon: 464-4932
Commercial: (502) 624-4932
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